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Abstract
Background: Studies that addressed social and economic determinants of cardiovascular diseases,
consistently showed an increase prevalence of the individual features of metabolic syndrome in the
lower socio-economic strata. Thus, this study aimed to evaluate the association between social
class and metabolic syndrome in a sample of urban middle-aged and old Portuguese adults.
Methods: We evaluated 1962 subjects (1207 women and 755 men) aged 40 or more years. Marital
status, education, occupation, menarche age and height distribution were used as socioeconomic
indicators. Metabolic syndrome was defined according to the ATP III, by the presence of at least
three of the following characteristics: waist circumference >102 cm in men and >88 cm in women;
triglycerides ≥ 150 mg/dl; HDL cholesterol <40 mg/dl in men and <50 mg/dl in women; blood
pressure ≥ 130/85 mm Hg; and fasting glucose ≥ 110 mg/dl. Proportions were compared using the
chi square test or Fisher's exact test. Odds ratios (OR) and 95% confidence intervals (95% CI) were
computed using unconditional logistic regression to estimate the magnitude of the associations.
Results: Metabolic syndrome was significantly more frequent in females (24.9 vs. 17.4, p < 0.001).
In females, the odds favoring metabolic syndrome significantly increased with age and in unfavorable
social class as described by occupation, and decreased with education level. In males, metabolic
syndrome was significantly more frequent in the 60–69 years age class (OR = 1.82; 95%CI: 1.02–
3.26) when compared to those in the 40–49 years age class. Concerning other socioeconomic
indicators no significant associations were found.
Conclusion: This study showed that gender influenced the association of socio-economic status
indicators with metabolic syndrome. Females in lower social classes, as defined by education and
occupational classification, more frequently presented metabolic syndrome, no such association
was found in males.
Background
Metabolic syndrome is characterized by the clustering of
conditions that increase cardiovascular and type 2 diabe-
tes risk, including obesity, insulin resistance, dyslipi-
demia, and high blood pressure. In the recent years, it has
internationally evolved into a recognized clinical entity,
assuming an epidemic proportion [1-3].
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The effective management of the metabolic syndrome
requires a better understanding of both molecular mecha-
nisms involved and the population risk profiles. The iden-
tification of social and economic characteristics associated
with its occurrence is essential for the success of primary
preventive measures [4,5].
Studies that addressed social and economic determinants
of cardiovascular diseases, consistently showed an
increase prevalence of the individual features of metabolic
syndrome in the lower socio-economic strata [6-9]. Thus,
the prevalence of metabolic syndrome is expected to be
influence by social disparities, also providing clues to
understand social inequalities in coronary heart disease
[10,11]. However, little is known on the association
between social and economic factors and metabolic syn-
drome, considered as a distinct clinical entity, specially
addressing gender effects in the social patterning of the
disease [12]. It is also recognized that women are particu-
larly sensitive to health inequalities beyond social stratifi-
cation [13,14], with additional gender effects reflecting
such social disadvantage.
Recent reports point to the fact that although metabolic
syndrome is only modestly associated with cardiovascular
disease risk, the life-course socioeconomic position
appears to be an important confounder in that association
[15].
This study aimed to assess the association between indica-
tors of past or present social position and the metabolic
syndrome in a representative sample of urban non-insti-
tutionalised Portuguese adults.
Methods
As part of a health and nutrition survey a representative
sample of the non-institutionalised adult inhabitants
Porto, Portugal was recruited. The participants were
selected using random digit dialling. When a household
was identified, permanent residents were characterized
according to age and sex, and one adult was selected by
simple random sampling and invited to visit our depart-
ment for interview and exam. If there was a refusal,
replacement was not allowed. The participation rate was
70% [16] and the final sample comprised 2488 subjects
aged 18 to 92 years. For this study purpose we evaluated
1962 participants aged 40 years or older, 1207 women
(mean age 58.1 ± 11.2 years) and 755 men (mean age
59.0 ± 11.7 years old). The local institutional ethics com-
mittee approved the study and all participants provided
written informed consent.
Trained interviewers collected information using a struc-
tured questionnaire. Data was obtained on social, demo-
graphic, personal and family medical history, and
behavioural characteristics (physical activity, smoking,
alcohol intake, and diet).
Marital status was recorded in four categories: single,
divorced, widowed and married, but for analysis pur-
poses, participants were considered as married or not. The
number of completed years of formal education was
recorded and categorized into four levels: less than five;
five to nine; ten to twelve and more than twelve years. Par-
ticipants currently engaged in a remunerated occupation
were classified as active, and the remaining as retired,
unemployed or housewives. For those considered active
(525 women and 409 men), social and economic status
was defined according to their current occupation and the
Registrar General five social classes, class I corresponding
to the upper social class [17]. Those who were retired,
unemployed or housewives, regarding social class were
considered as not employed.
Also, information on participant's income and their geo-
graphic distribution was collected. Personal income was
collected as a categorical variable for approximately 50%
of our sample (n = 983). It was however decided not to
include this variable in the final analysis because income
questions asked in the context of survey research are sus-
ceptible to high rates of non-response. Regarding, the geo-
graphic distribution of the participants, a preliminary
analysis was performed, in which the place of residence
was considered, aggregated according to four major town
suburbs, by geographical proximity and social characteris-
tics used as an additional surrogate for socio-economic
status. However, no difference in the metabolic syndrome
prevalence according to the participant place of residence,
both in males and in females were found. Additionally,
the actual differences in socio-economic characteristics
between the classified suburbs could not been accurately
establish, so this indicator was omitted from the results.
Anthropometrics were obtained after 12 hours fasting,
with the participant in light clothing and barefoot. Body
weight was measured to the nearest 0.1 kg using a digital
scale, and height was measured to the nearest centimeter,
in a standing position using a wall stadiometer. Waist and
hip circumference were measured with the subject stand-
ing with a flexible and non-distendable tape, avoiding
exertion of pressure on the tissues to the nearest centime-
ter. The waist circumference was measured midway
between the lower limit of the rib cage and the iliac crest.
The hip circumference was the maximal circumference
over the femoral trochanters.
Blood pressure was measured on a single occasion follow-
ing the American Heart Association recommendations
[18], with a standard mercury sphygmomanometer. Two
blood pressure readings were taken with the participant
BMC Public Health 2008, 8:62 http://www.biomedcentral.com/1471-2458/8/62
Page 3 of 8
(page number not for citation purposes)
resting for 10 minutes, and the mean of the two readings
calculated. If the two readings differed more than 5 mm
Hg, a third reading was taken and the mean of the two
closest readings kept.
Blood was sampled after a 12-hour overnight fast. Glu-
cose, cholesterol (total, high density lipoprotein (HDL),
low density lipoprotein (LDL)) and triglycerides were
measured using automatic standard enzymatic methods
in routine at our Medical School hospital.
Metabolic syndrome was defined according to the Third
Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (ATPIII) [19],
as the presence of at least three of the following character-
istics: waist circumference >102 cm in men and >88 cm in
women; triglycerides ≥ 150 mg/dl (1.69 mmol/L); HDL
cholesterol <40 mg/dl (1.04 mmol/L) in men and <50
mg/dl in women (1.29 mmol/L); blood pressure ≥ 130/85
mm Hg; and fasting glucose ≥ 110 mg/dl (6.1 mmol/L).
Participants who reported current antidiabetic or antihy-
pertensive therapy were also considered as having fasting
glucose ≥ 110 mg/dl and blood pressure ≥ 130/85 mm Hg
respectively.
Metabolic syndrome prevalence was also estimate using
the International Diabetes Federation definition (IDF)
[20].
Statistical analysis
Data were analyzed using Stata®, release 8. Proportions
were compared using the Chi-square test or Fisher's exact
test, when appropriated.
To estimate the magnitude of the association between
metabolic syndrome and different demographic and soci-
oeconomic factors, crude and adjusted odds ratios (OR)
and 95% confidence intervals (95% CI) were computed
using unconditional logistic regression.
Results
The overall prevalence of the metabolic syndrome was
22.0% considering the ATP III criteria and 31.8% when
the IDF definition was applied. Metabolic syndrome was
significantly more prevalent in females, using both the
Table 1: Prevalence of metabolic syndrome and its individual features according to demographic and socio-economic characteristics.
Waist 
circumference 
(>102; 88 cm) n (%)
Triglycerides (≥ 
150 mg/dL) n (%)
Fasting glucose (≥ 
110 mg/dL) n (%)
Blood pressure (≥ 
130/85 mm Hg) n (%)
HDL cholesterol (< 
40; 50 mg/dL) n (%)
Metabolic 
syndrome n (%)
Gender
Female 555 (46.4) 242 (21.5) 148 (13.5) 850 (72.6) 292 (26.2) 300 (24.9)
Male 133 (17.8) * 223 (30.8) * 128 (18.5) 552 (75.9) 131 (18.8) * 131 (17.4) *
Age (years)
40–49 116 (22.3) 114 (22.7) 36 (7.4) 226 (46.3) 121 (24.3) 60 (11.5)
50–59 192 (34.6) 138 (26.0) 78 (15.0) 404 (72.8) 119 (23.0) 124 (22.0)
60–69 208 (43.5) 135 (29.9) 95 (21.5) 414 (88.5) 107 (24.5) 155 (32.3)
≥ 70 172 (44.0) * 77 (21.3) * 67 (19.3) * 358 (92.7) * 76 (21.3) 92 (23.2) *
Marital Status
Married 210 (39.7) 111 (22.8) 66 (13.6) 399 (77.0) 146 (30.5) 127 (23.8)
Not married 478 (33.8) * 351 (25.9) 210 (16.1) 1002 (72.8) 276 (20.8) * 304 (21.2)
Education (years)
≤ 4 436 (47.1) 220 (25.3) 160 (19.0) 742 (81.3) 208 (24.3) 253 (27.1)
5–11 166 (28.6) 144 (26.2) 77 (14.5) 397 (71.1) 120 (22.5) 114 (19.7)
≥ 12 86 (19.7)* 98 (23.3) 38 (9.2) * 260 (61.5) * 93 (22.3) 64 (14.0) *
Occupation
Active 237 (25.6) 218 (24.6) 97 (11.3) 546 (60.6) 204 (23.5) 145 (15.5)
Retired 307 (41.7) 170 (24.8) 144 (21.5) 641 (88.8) 147 (21.9) 199 (26.8)
Unemployed 28 (41.2) 18 (26.9) 10 (15.9) 50 (75.8) 15 (22.7) 17 (24.6)
Housewives 116 (54.0) * 58 (28.3) 25 (12.5) * 165 (79.3) * 57 (28.1) 70 (32.3) *
Social class
I 40 (18.6) 51 (24.6) 15 (7.3) 114 (54.3) 40 (19.6) 24 (11.0)
II 22 (12.8) 40 (24.0) 15 (9.5) 99 (57.9) 47 (28.8) 20 (11.4)
III 71 (26.6) 64 (25.6) 32 (13.2) 155 (60.8) 57 (23.6) 45 (16.9)
IV 43 (33.1) 35 (27.1) 20 (16.3) 82 (64.1) 31 (24.4) 29 (22.1)
V 61 (43.3) 28 (20.9) 15 (11.5) 96 (70.1) 29 (21.8) 27 (18.9)
Not 
employed
451 (44.3) * 246 (25.7) 179 (19.2) * 856 (85.9) * 219 (23.3) 286 (27.8) *
* p < 0.05 – p value for the comparison between classes of the demographic and socio-economic characteristics.
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ATP III (24.9% vs. 17.4%) and the IDF (35.9% vs. 25.6%)
definition.
Table 1 presents the prevalence of metabolic syndrome
and of its individual features according to the demo-
graphic and socio-economic variables evaluated, using
ATP III definition. Metabolic syndrome was significantly
more common in females (24.9%), in the 60 to 69 years
old class (32.3%), in those with less than five years of for-
mal education (27.1%) and in subjects currently unem-
ployed (27.8%).
Compared to males, females presented a significantly
higher prevalence of central obesity (46.4% vs. 17.8%),
low HDL cholesterol levels (26.2% vs. 18.8%) and a lower
prevalence of high of triglycerides levels (21.5% vs.
30.8%). All five metabolic syndrome features were
present in 3.1% of females and 0.6% of males.
Youngest and more educated participants presented the
lowest frequency of individual features of metabolic syn-
drome, except for low HDL cholesterol and high triglycer-
ides levels.
Table 2: Prevalence of metabolic syndrome according to socio-economic status, in females.
Metabolic syndrome n (%) OR* (95% CI) OR** (95% CI)
Age (years)
40–49 38 (11.6) 1 1
50–59 89 (24.5) 2.47 (1.63–3.74) 2.12 (1.39–3.24)
60–69 111 (38.9) 4.85 (3.21–7.34) 3.81 (2.46–5.90)
>69 62 (26.7) 2.77 (1.78–4.33) 2.05 (1.25–3.35)
<0.001 § §
Marital status
Not married 110 (24.3) 1 1
Married 190 (25.2) 1.40 (1.04–1.87) 1.31 (0.97–1.77)
0.721
Education (years)
0–4 202 (31.7) 2.43 (1.61–3.67) 2.28 (1.48–3.52)
5–11 64 (20.4) 1.56 (0.98–2.46) 1.49 (0.93–2.36)
≥ 12 34 (13.3) 1 1
<0.001 § §
Occupation
Active 85 (16.2) 1 1‡
Retired 134 (31.6) 1.64 (1.10–2.44) 1.48 (0.96–2.27)
Housewives 70 (32.6) 1.99 (1.34–2.97) 1.77 (1.16–2.70)
Unemployed 11 (25.6) 1.77 (0.86–3.66) 1.54 (0.73–3.25)
<0.001
Social class
I 13 (10.4) 1 1
II 6 (7.9) 0.74 (0.27–2.05) 0.70 (0.25–1.94)
III 24 (17.9) 1.90 (0.92–3.92) 1.85 (0.89–3.85)
IV 18 (25.6) 2.93 (1.33–6.44) 2.56 (1.45–5.72)
V 24 (19.8) 2.02 (0.98–4.20) 2.13 (0.97–4.70)
Not employed 215 (31.5) 3.01 (1.60–5.64) 2.59 (1.32–4.79)
<0.001
Height tertiles (cm)
135.0–152.4 120 (25.9) 1 1
152.5–157.9 102 (25.0) 1.15 (0.84–1.58) 1.17 (0.84–1.62)
158.0–175.0 78 (23.2) 1.18 (0.83–1.67) 1.20 (0.84–1.72)
0.676
Menarche (years)
≤ 12 134 (25.0) 1 1
13–14 125 (25.7) 1.04 (0.78–1.38) 0.96 (0.71–1.28)
>14 41 (22.4) 0.74 (0.49–1.11) 0.70 (0.45–1.07)
0.678
* – OR age adjusted
** – OR adjusted for age, body mass index, systolic blood pressure, total physical activity, alcohol consumption and cigarette smoking.
§ – p for trend <0.05
BMC Public Health 2008, 8:62 http://www.biomedcentral.com/1471-2458/8/62
Page 5 of 8
(page number not for citation purposes)
In females (Table 2), the odds favoring metabolic syn-
drome significantly increased with age, and decreased
with education level and social class, as described by the
current occupation. After adjustment for age, body mass
index, systolic blood pressure, total physical activity, alco-
hol consumption and smoking, and compared to more
educated women, a higher prevalence of metabolic syn-
drome was found in women with less than 5 years (OR =
2.28; 95% CI: 1.48–3.51) and with 5 to 11 years of educa-
tion (OR = 1.49; 95% CI: 0.93–2.36), a significant nega-
tive trend being observed. The prevalence of the syndrome
was higher in females with no paid job, particularly
housewives (OR = 1.77; 95% CI 1.16–2.70). Among
active female participants metabolic syndrome was more
frequent in those engaged on manual occupations. The
prevalence of metabolic syndrome was higher in social
class III (OR = 1.85; 95% CI: 0.89–3.85), IV (OR = 2.56;
95% CI: 1.45–5.72), and V (OR = 2.13; 95%CI: 0.97–
4.70) when compared to females in the upper social class.
A lower risk of metabolic syndrome (OR = 0.70; 95% CI:
0.45–1.07) was found for women with menarche age over
13 years compared with those that menstruated before 12
years of age.
In males, no social or economic indicators showed a sig-
nificant association with metabolic syndrome (Table 3),
with the exception of height. Males on the second and
upper height tertile had an increased risk of metabolic
syndrome (OR = 1.67; 95%CI: 1.03–2.68, OR = 1.53;
95%CI: 0.92–2.55, respectively) when compared to those
in the lower height tertile.
Discussion
This study evidenced a gender effect on the association
between past and present indicators of social position and
the prevalence of metabolic syndrome. Socioeconomic
position has been consistently associated with the occur-
rence of disease. Previous findings on the population dis-
Table 3: Prevalence of metabolic syndrome according to socio-economic status, in males.
Metabolic syndrome n (%) OR* (95% CI) OR** (95% CI)
Age (years)
40–49 22 (11.2) 1 1
50–59 35 (17.5) 1.68 (0.94–2.98) 1.55 (0.86–2.78)
60–69 44 (22.6) 2.31 (1.32–4.02) 1.82 (1.02–3.26)
>69 30 (18.3) 1.77 (0.98–3.21) 1.38 (0.72–2.64)
0.026 §
Marital status
Not married 18 (21.3) 1 1
Married 113 (16.8) 0.77 (0.43–1.37) 0.86 (0.48–1.57)
0.330
Education (years)
0–4 51 (17.2) 1.08 (0.64–1.81) 1.21 (0.71–2.07)
5–11 50 (18.8) 1.26 (0.76–2.10) 1.30 (0.78–2.18)
≥ 12 20 (14.8) 1 1
0.585
Occupation
Active 60 (14.7) 1 1
Retired 65 (20.4) 1.36 (0.79–2.36) 1.27 (0.72–2.24)
Unemployed 6 (23.1) 1.71 (0.66–4.44) 1.00 (0.33–2.18)
0.085
Social class
I 11 (11.8) 1 1
II 14 (14.1) 1.22 (0.52–2.85) 1.20 (0.51–2.82)
III 21 (15.8) 1.38 (0.63–3.03) 1.62 (0.73–3.60)
IV 11 (17.7) 1.59 (0.64–3.95) 2.22 (0.87–5.68)
V 3 (13.6) 1.16 (0.30–4.59) 1.64 (0.40–6.71)
Not employed 71 (20.5) 1.79 (0.82–3.91) 1.73 (0.79–3.82)
0.387
Height tertiles (cm)
148.2–165.4 40 (14.3) 1 1
165.5–171.3 51 (20.0) 1.61 (1.02–2.56) 1.67 (1.03–2.68)
171.4–189.0 40 (18.7) 1.54 (0.94–2.52) 1.53 (0.92–2.55)
0.184
* – OR age adjusted
** – OR adjusted for age, body mass index, systolic blood pressure, total physical activity, alcohol consumption and cigarette smoking.
§ – p for trend <0.05
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tribution of the syndrome's features would make less
likely the occurrence of metabolic syndrome in upper
socio class strata [4,11,21]. Supporting this hypothesis is
the previously described evidence of an inverse graded
association between low socioeconomic position and the
prevalence of type 2 diabetes and obesity [22-25]. How-
ever, the contribution of societal variation to the develop-
ment of these conditions remains poorly understood.
In Portugal, cardiovascular diseases cause 39% of all
deaths and 59% of female deaths [26]. It was also
observed a high prevalence of metabolic syndrome, par-
ticularly in females [27]. During the second half of the
twentieth century, Portugal went through significant
social and political transformations that resulted in dra-
matic changes at the individual level [28], such as obesity
prevalence, that doubled during that period [29].
Education is a good indicator of social position in epide-
miological studies and often seen as the easier way of
measuring present socio-economic status because it pre-
cedes other indicators, such as income or occupational
based social position, is comparable between women and
men, does not usually change in adulthood, and shapes
health behaviours through attitudes, values and knowl-
edge. Also, education is considered a good and reliable
indicator of childhood socio-economic levels [30]. Our
results showed that lower educational levels and occupa-
tional categories were significantly associated with the
syndrome prevalence in females, these findings being
consistent with others from different populations
[4,13,31,32]. In a Polish sample, a former communist
country going through important social and political
transformations, also education was strongly and
inversely associated with metabolic syndrome [33]. Like-
wise, in South Korea another society that experienced con-
siderable changes in its socioeconomic conditions during
the past years, socioeconomic inequities in the metabolic
syndrome were found in women but not in men [32]. In
a Swedish female sample, low education was associated
not only with an increased risk of individual risk factors
for cardiovascular disease and type 2 diabetes, but also
with an increased risk for the metabolic clustering of those
factors [31].
However, unlike in other industrialized societies, where a
consistent pattern of cardiovascular risk factors distribu-
tion is observed according to education, often in a more
clear cut manner than for other socio-economic indicators
[9,31,33,34], neither education nor occupation were sig-
nificantly associated with the prevalence of metabolic syn-
drome in our male participants. This may reflect an
unfavourable social and economic female environment,
increasing the risk of metabolic syndrome in a gender-spe-
cific manner. Also, men in lower socioeconomic strata are
more likely to be involved in professional activities more
physically demanding, increasing their total energy
expenditure, which may also protect them from develop-
ing the metabolic syndrome, as previously observed in
this population [35].
During the past years, research showed that shorter people
were at higher risk of coronary heart disease, stroke and
death [36], this increased risk being mainly ascribed to the
association of childhood social position with height.
Although it is not fully understood, this association seems
to be mediated through insulin resistance, a possible con-
sequence of poor childhood nutrition. Also, low child-
hood socio economic status, is expected to promote adult
behavioural risk factors [37,38].
In our sample, no significant association was found
between metabolic syndrome and height in females, but
in males, shorter stature was associated with a lower fre-
quency of metabolic syndrome. This finding seems rather
contradictory to the expected negative correlation
between height, social class and cardiovascular disease
[39,40]. However, it is consistent with results from a Bra-
zilian sample, where no association was found between
total cholesterol, LDL-cholesterol, triglycerides levels and
short stature men [41]. Moreover, a recently published
review, pointed that shorter southern European or Asian
populations presented less cardiovascular disease than
taller western Europeans and North Americans, independ-
ently of other socio-economic indicators, lifestyles, eth-
nicity or specific geography [42].
Age at menarche is known to be a sensitive indicator of
early life environmental conditions, influenced by factors
such as diet, physical activity [43,44], and the magnitude
of socio-economic inequalities [45]. Menarche tends to
appear earlier in life as the sanitary, nutritional and eco-
nomic conditions of a society improve [46]. Thus, we
would expect an increased risk of metabolic syndrome
with increasing menarche age. On the other hand, early
menarche age is also associated with an increase in obesity
frequency and with insulin resistance [47,48]. In this sam-
ple, we observed a trend for a decreased in the adjusted
risk of metabolic syndrome with increasing age at
menarche. Taken together with the results for height, our
data do not favor the hypothesis that these two usual
markers of early social conditions increase the risk of met-
abolic syndrome, as would be expected from previous
findings.
Limitations of the study
Some limitations should however be pointed out. First,
the cross-sectional design of our evaluation limits infer-
ence regarding causality since data on temporal sequence
is lacking.
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Secondly, there is no single valid measure of socio-eco-
nomic status suitable for every population, but financial
and time restrains often force researchers to rely on one or
two measures to assess socio-economic status. Education
is the most widely used measure to control socio-eco-
nomic status in epidemiological investigation. It is often
available for all subjects, has high validity, and it is quite
stable after earlier adulthood. This study was not designed
to provide a sensitive socio-economic status indicator of
metabolic syndrome risk, but education and occupation
status were strongly associated with its presence in
women, although no such obvious effect was found in
men. Different gender related social networks might
explain differences in the direction and the magnitude of
the observed associations in our sample. Also, as this
information was self-reported, some may argued that
occupational classification systems differentiate more
poorly between women's jobs, and that studies of socioe-
conomic inequalities in health will underestimate the ine-
qualities more often among women than among men.
Finally, regarding the association between socioeconomic
variables, such as social class or occupation and the meta-
bolic syndrome in our male participants, our results may
reflect some problems of statistical power, due to the
small number of participants in those categories.
Conclusion
In summary, this study showed that gender influenced the
association of socio-economic status indicators and the
metabolic syndrome prevalence. Lower social class males
and females, defined by occupational classification, pre-
sented more frequently metabolic syndrome. Though,
occupation is largely dependent on education, only
women showed an increasing prevalence of metabolic
syndrome with decreasing years of formal education.
There was no such education gradient in males.
Abbreviations
HDL – high density lipoprotein; LDL – low density lipo-
protein; NCEP – National Cholesterol Education Pro-
gram; ATP III – Third Adult Treatment Panel; OR – odds
ratio; CI – confidence intervals.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
A-CS participated in the design and coordination of the
study and performed the statistical analysis and was
involved in the drafting of the manuscript. HB was
responsible for the study design and coordination. SE and
HB were involved the draft critical revising for important
intellectual content. All authors read and approved the
final manuscript.
Acknowledgements
This study was funded by Fundação para a Ciência e Tecnologia, POCTI/
ESP/35767/99, POCTI/ESP/42361/2001, POCI/SAU-ESP/61160/2004.
References
1. Cameron AJ, Shaw JE, Zimmet PZ: The metabolic syndrome:
prevalence in worldwide populations.  Endocrinol Metab Clin
North Am 2004, 33(2):351-375.
2. Alberti KG, Zimmet PZ: Definition, diagnosis and classification
of diabetes mellitus and its complications. Part I: diagnosis
and classification of diabetes mellitus provisional report of a
WHO consultation.  Diabet Med 1998, 15:539-553.
3. Balkau B, Vernay M, Mhamdi L, Novak M, Arondel D, Vol S, Tichet J,
Eschwège E, Group DESIRS: The incidence and persistence of
the NCEP (National Cholesterol Education Program) meta-
bolic syndrome. The French DESIR study.  Diabetes Metab
2003, 29:526-532.
4. Lidfeldt J, Nyberg P, Nerbrand C, Samsioe G, Schersten B, Agardh
CD: Socio-demographic and psychosocial factors are associ-
ated with features of the metabolic syndrome. The
Women's Health in the Lund Area (WHILA) study.  Diabetes
Obes Metab 2003, 5(2):106-112.
5. Minehira K, Tappy L: Dietary and lifestyle interventions in the
management of the metabolic syndrome: present status and
future perspective.  Eur J Clin Nutr 2002, 56(12):1264-1269.
6. Regidor E, Gutierrez-Fisac JL, Banegas JR, Lopez-Garcia E, Rodriguez-
Artalejo F: Obesity and socioeconomic position measured at
three stages of the life course in the elderly.  Eur J Clin Nutr
2004, 58(3):488-494.
7. Diez Roux AV, Chambless L, Merkin SS, Arnett D, Eigenbrodt M,
Nieto FJ, Szklo M, Sorlie P: Socioeconomic disadvantage and
change in blood pressure associated with aging.  Circulation
2002, 106(6):703-710.
8. Myllykangas M, Pekkanen J, Rasi V, Haukkala A, Vahtera E, Salomaa V:
Haemostatic and other cardiovascular risk factors, and soci-
oeconomic status among middle-aged Finnish men and
women.  Int J Epidemiol 1995, 24(6):1110-1116.
9. Winkleby MA, Jatulis DE, Frank E, Fortmann SP: Socioeconomic
status and health: how education, income, and occupation
contribute to risk factors for cardiovascular disease.  Am J Pub-
lic Health 1992, 82(6):816-820.
10. Lawlor DA, Ebrahim S, Davey Smith G: Socioeconomic position in
childhood and adulthood and insulin resistance: cross sec-
tional survey using data from British women's heart and
health survey.  BMJ 2002, 325:805-810.
11. Brunner E, Marmot MG, Nanchahal K, Shipley MJ, Stansfeld SA, Juneja
M, Alberti KGMM: Social inequality in coronary risk: central
obesity and the metabolic syndrome. Evidence from the
Whitehall II study.  Diabetologia 1997, 40:1341-1349.
12. Arber S, Khlat M: Introduction to 'social and economic pat-
terning of women's health in a changing world.'.  Soc Sci Med
2002, 54(5):643-647.
13. Dallongeville J, Cottel D, Ferrieres J, Arveiler D, Bingham A, Ruidav-
ets JB, Haas B, Ducimetiere P, Amouyel P: Household income is
associated with the risk of metabolic syndrome in a sex-spe-
cific manner.  Diabetes Care 2005, 28(2):409-415.
14. Langenberg C, Kuh D, Wadsworth MEJ, Brunner E, Hardy R: Social
circumstances and education: life course origins of social ine-
qualities in metabolic risk in a prospective National Birth
Cohort.  Am J Public Health 2006, 96(12):2216-2221.
15. Lawlor DA, Davey Smith G, Ebrahim S: Does the new Interna-
tional Diabetes Federation definition of metabolic syndrome
predict CHD any more strongly than older definitions? Find-
ings from the British Women's Heart and Health Study.  Dia-
betologia 2006, 49:41-48.
16. Ramos E, Lopes C, Barros H: Investigating the  effect of nonpar-
ticipation using a population-based case-control study on
myocardial infarction.  Ann Epidemiol 2004, 14:437-441.
17. Abramson  J: Surveys methods in community medicine. An
introduction to epidemiological and evaluative methods.  3rd
Edition edition. London: Churchill Linvingstone; 1989. 
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2008, 8:62 http://www.biomedcentral.com/1471-2458/8/62
Page 8 of 8
(page number not for citation purposes)
18. Perloff D, Grim C, Flack J, Frohlich  ED, Hill M, McDonald M, et al.:
Human blood pressure determination by sphygmomanome-
try.  Circulation 1993, 88:2460-2470.
19. Expert Panel on Detection Evaluation and  Treatment of High Blood
Cholesterol in Adults: Executive Summary of the  Third Report
of the National Cholesterol Education Program (NCEP)
Expert  Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in  Adults (Adult Treatment Panel
III).  JAMA 2001, 285:2486-2497.
20. Alberti KGMM, Zimmet P, Shaw J: Metabolic syndrome - a new
world-wide definition. A consensus Statement from the
International Diabetes Federation .  Diabet Med 2006,
23:469-480.
21. Horsten M, Mittleman MA, Wamala SP, Schenck-Gustafsson K, Orth-
Gomer K: Social relations and the metabolic syndrome in
middle-aged Swedish women.  J Cardiovasc Risk 1999,
6(6):391-397.
22. Wardle J, Waller J, Jarvis MJ: Sex differences in the association of
socioeconomic status with obesity.  Am J Public Health 2002,
92(8):1299-1304.
23. Mokdad AH, Ford ES, Bowman BA, Nelson DE, Engelgau MM, Vinicor
F, Marks JS: Diabetes trends in the US: 1990-1998.  Diabetes Care
2000, 23:1278-1283.
24. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP:
The continuing epidemics of obesity and diabetes in the
United States.  JAMA 2001, 286:1195-1200.
25. Robbins JM, Vaccarino V, Zhang H, Kasl SV: Socioeconomic status
and type 2 diabetes in African American and non-Hispanic
white women and men: evidence from the Third National
Health and Nutrition Examination Survey .  Am J Public Health
2001, 91:76-83.
26. Direcção Geral da Saúde: Risco de Morrer em Portugal, 2001.
Lisboa , DGS; 2003:232. 
27. Santos AC, Lopes C, Barros H: Prevalence of metabolic syn-
drome in the city of Porto.  Rev Port Cardiol 2004, 23(1):45-52.
28. Padez C: Secular trends in stature in the Portuguese popula-
tion (1904-2000).  Ann Human Biology 2003, 30:262-278.
29. de Castro JJ, Aleixo Dias J, Baptista F, Garcia e Costa J, Galvao-Teles
A, Camilo-Alves A: Secular trends of weight, height and obesity
in cohorts of young Portuguese males in the District of Lis-
bon: 1960-1990.  Eur J Epidemiol 1998, 14(3):299-303.
30. Krieger N, Williams DR, Moss NE: Measuring social class in US
Public Health Research: Concepts, Methodologies, and
Guidelines.  Annual Review of Public Health 1997, 18(1):341-378.
31. Wamala SP, Linch J, Horsten M, Mittleman MA, Schenck-Gustafsson
K, Orth-Gomér K: Education and the metabolic syndrome in
women.  Diabetes Care 1999, 22:1999-2003.
32. Kim MH, Kim MK, Choi BY, Shin YJ: Educational disparities in the
metabolic syndrome in a rapidly changing society - the case
of South Korea.   Int J Epidemiol 2005, 34:1266-1273.
33. Stelmach W, Kaczmarczyk-Chalas K, Bielecki W, Drygas W: How
education, income, control over life and life style contribute
to risk factors for cardiovascular disease among adults in a
post-communist country.  Public Health 2005, 119(6):498-508.
34. Choiniere R, Lafontaine P, Edwards AC: Distribution of cardiovas-
cular disease risk factors by socioeconomic status among
Canadian adults.  CMAJ 2000, 162(9 Suppl):S13-24.
35. Santos AC, Ebrahim S, Barros H: Alcohol intake, smoking, sleep-
ing hours, physical activity and the metabolic syndrome.  Prev
Med 2007, 44:328-334.
36. Kannam JP, Levy D, Larson M, Wilson PW: Short stature and risk
for mortality and cardiovascular disease events. The Fram-
ingham Heart Study.  Circulation 1994, 90(5):2241-2247.
37. Samaras TT, Storms LH: Secular growth and its harmful ramifi-
cations.  Medical Hypotheses 2002, 58(2):93-112.
38. Peck MN, Lundberg O: Short stature as an effect of economic
and social conditions in childhood.  Soc Sci Med 1995,
41(5):733-738.
39. Goldbourt U, Tanne D: Body height is associated with
decreased long-term stroke but not coronary heart disease
mortality?  Stroke 2002, 33(3):743-748.
40. Forsen T, Eriksson J, Qiao Q, Tervahauta M, Nissinen A, Tuomilehto
J: Short stature and coronary heart disease: a 35-year follow-
up of the Finnish cohorts of The Seven Countries Study.  J
Intern Med 2000, 248(4):326-332.
41. Velasquez-Melendez G, Martins IS, Cervato AM, Fornes NS, Marucci
MF, Coelho LT: Relationship between stature, overweight and
central obesity in the adult population in Sao Paulo, Brazil.
Int J Obes Relat Metab Disord 1999, 23(6):639-644.
42. Samaras TT, Elrick H, Storms LH: Is short height really a risk fac-
tor for coronary heart disease and stroke mortality? A
review.  Med Sci Monit 2004, 10(4):RA63-76.
43. Remsberg KE, Demerath EW, Schubert CM, Chumlea WC, Sun SS,
Siervogel RM: Early menarche and the development of cardio-
vascular disease risk factors in adolescent girls: the Fels Lon-
gitudinal Study.  J Clin Endocrinol Metab 2005, 90(5):2718-2724.
44. Dunger DB, Lynn Ahmed M, Ong KK: Effects of obesity on
growth and puberty.  Best Pract Res Clin Endocrinol Metab 2005,
19(3):375-390.
45. Ersoy B, Balkan C, Gunay T, Onag A, Egemen A: Effects of different
socioeconomic conditions on menarche in Turkish female
students.  Early Hum Dev 2004, 76(2):115-125.
46. Wattigney WA, Srinivasan SR, Chen W, Greenlund KJ, Berenson GS:
Secular trends of earlier onset of menarche with increasing
obesity in black and white girls: The Bogalusa Heart Study.
Ethn Dis 1999, 9:181-189.
47. Pankow JS, Jacobs DR, Steinberger J, Moran A, Sinaiko AR: Insulin
resistance and cardiovascular disease risk factors in children
of parents with the insulin resistance (metabolic) syndrome.
Diabetes Care 2004, 27(3):775-780.
48. Tanchoco C, Cruz AJ, Duante CA, Litonjua AD: Prevalence of
metabolic syndrome among Filipino adults aged 20 years
and over.  Asia Pacific J Clin Nutr 2003, 12(3):271-276.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/8/62/prepub
